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I.     INTRODUCTION 

The goal of the present research is to develop the capability to compute static 
aerodynamics on configurations such as guided and unguided projectiles for the Mach 
number range zero to three and angle of attack range zero to about twenty degrees. 
The Mach number and angle of attack range cover present and probable future 
design requirements for gun-launched weapons. 

Included in the present report is a detailed description of the computer 
program, along with several example cases and a FORTRAN listing of the program. 
For the derivation and discussion of the various theoretical methods used in the 
development of the prediction program, the reader is referred to Part I of this 
report (Reference I). However, for information purposes, the methods used to 
compute the particular force or moment component in the given Mach number 
region are listed in Figures I and 2. Figure 1 gives the methods for the body alone 
and Figure 2 those for the tail (or canard) alone along with the interference effects. 
Most of the methods listed are standard in the .literature with the exception of the 
empirical methods and the combined Newtonian Perturbation theories. Detailed 
discussion of this new theoretical method for calculating body wave drag can be 
found in  Reference 2 and for wing wave drag in Reference 1. 
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II      PROGRAM DESCRIPTION 

A.    Configunition Geometry 

The program is designed for four possible configurations: (I) wing alone, 
(2) body alone. (3) wing-body, and (4) canard-body-tail. Note that in present 
terminology, wing is interchangable with cither a canard or tail. There are several 
iliffcrcnt geometries which the wing or body may have as discussed below. 

1. Body 

The body may have a pointed or blunted nose. Blunt noses may have 
spherical caps or they may be truncated as shown in Figure 3. The program 
automatically accounts for this, however, if the correct inputs are given as decribed 
in the input section In addition to being pointed or blunt, the nose may have up 
to two different ogive segments present For example, on spin-stabilized projectiles 
there is norma'I', one ogive on the fuze and a different ogive between the fuze and 
shoulder. If the aerodynamics are desired in transonic flow, there is a minimum 
.illowable nose  length  of  1.5 calibers due to the tcMe look-up procedure used there. 

The total body alone may end with the nose or it may continue with 
an afterbody. If an afterbody is present it is assumed to be cylindrical. Again due 
to the empirical estimation of aerodynamics in transonic flow, the afterbody must 
be les« than ten calibers because this is the upper limit of the tables. Following the 
afterbody, a conical or ogival boat tail may or may not be present Instead of a 
hoattail. a flare may be considered but the base drag must be disregarded because it 
is derived for a boattuil angle. Finally, the body alone may or may not have a 
rotating band  present 

2. Wing 

The wing is assumed to have one of two airfoil sections: a biconvex 
or modified double wedge. Both airfoil sections may have sharp or blunt leading 
and trailing edges. Also, the wing thickness to chord ratio and the slope of the 
airfoil section may vary all along the span. 

It may appear at first sight that assuming the airfoil section to be 
one of the two shapes above severly limits the program. This is not the case for 
projectiles and missiles, however, since the fin geometry normally is of a simple 
planform  with   no  camber.   Also,  referring to Figure 4, the modified double wedge 
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can cover all wedge airfoil shapes by adjusting the parameters CR1W and CR2W 
along with the angles GAW (1) through GAW (4). For example, if a double wedge 
airfoil is desired then it is sufficient to make the quantity (CRW-CR1W - CR2W] 
equal to zero and to make GAW (2) ■ GAW (3). 

B. Aerodynamics 

As mentioned previously, the various theoretical and empirical methods 
used to compute the static aerodynamics are listed in Figures ' and 2 and will not 
be discussed in this report as they are discussed fully in References I and 2. It is 
worthy of note that the overall guiding principle in the choice of methods listed in 
the above figures was to use techniques which could yield accuracies generally bi 
the range ±10% and which were inexpensive on the computer. It is believed tha* 
this goal was accomplished in that drag and normal force for most configurations 
can be obtained within the above accuranes ana for a cost not exceeding $75.00 
for ten Mach numbers or angles of attacx. The center of pressure is within a half 
caliber of experimental data for most configurations. 

C. Subroutines 

A brief description of each subroutine will aid the user in understanding 
the methodology and logic of the program. These descriptions follow. 

1. MAIN 

. This subroutine acts as a control for the entire program. It handles 
the calling of the various subroutine!: that calculate the different lift and drag 
components. The calling of the various subroutines depend on the different options 
present in the program. These options are given in the input section of this report. 
The MAIN also handles the summation of the different components to obtain the 
total lift, drag, and pitching moment coefficients. 

2. AINTER 

A   double   interpolation   routine   used  in  the  transonic Mach  number 
range. 

3-8. ARCOSH, ARCOS, ARSECH, ARSIN, ARSINH, ARTANH 

These     subroutines    calculate    the    hyperbolic    arccosine.    arccosine, 
hyperbolic   arcsecant.    arcsine,   hyperbolic   arcsine,   and   the   hyperbolic   arctangent. 



respectively.  They are  included  because  not  all  computers  contain   these  particular 
functions in their library. 

9. BASEP 

Calculates the base drag for a body of revolution with or without a 
boattail throughout the Mach number range. It also includes an empirical estimate 
for the increase in base pressure drag due to the presence of fins. 

10. BASEPW 

Computes the drag due to trailing edge separation  of a blunt trailing 
edge  fin. 

11. BLUNT 

Derives the coordinates of a blunt nose tip on a body of revolution. 

12. CP30W 

Determines the perturbation velocity at each point on a fin. These 
perturbation velocities are used by subroutine WING to compute pressures and forces 
on a fin. 

13-16.   DISCI, DISC2, DISCS, DISC4 

These subroutine- put in appropriate perturbation solutions to simulate 
discontinuities in body shape and curvature. 

17.   DIST 

Computes the spanwise distribution of lifting pressure in subsonic 
flow. 

18-19.   ELIPT1, ELIPT2 

These subroutines are used to evaluate the complete elliptic integrals 
of the first and second kind. 



20. FBINT 

Calculates the fin body and body fin interference. The method used is 
that of Nielsen and Kaattari.(3) 

21. POINT 

This is a simple linear interpolation routine.  It is used in subroutines 
TRNCNA and SUBTRN. 

22 21  FD5. FDP5 

Theses subroutines are used to find the derivatives of a function at a 
given point. The five point Lagrange method is used. 

24. GCALC 

Computes   the   spanwise   interpolation   function   for   use   in   subsonic 
lifting surface theory. 

25. GEOM 

This  subroutine  reads input body coordinates and then computes the 
coordinates where the flow-field properties will be calculated. 

26. GEOM1 

Calculates the geometric properties of wings in subsonic flow. 

27. GUIDED 

This subroutine is the controlling subroutine for subsonic wing lift. It 
establishes boundary conditions and applies the Prandtl dauert  transformation. 

28. HCALC 

Computes the chordwise interpolation function used in subsonic lifting 
surface theory. 



29. HINT 

Computes the chordwise integrals to be used in the chordwisc 
interpolation functions in subroutine HCALC 

30. HYBRID 

Determines the body pressure using the hybrid perturbation theory of 
Van Dyke. For a discussion of this theory, see Reference (2). 

31-32.   INTERP, INTERS 

These subroutines are used to interpolate for the value of a function 
at a given point. Five point Lagrange interpolation is used. 

33. LIFT 

Acts as an executive program responsible for the calculation of fin 
lift. It calls the interference subroutines and combines the lift of the isolated fins 
with the proper interference terms to obtain all fin lift components. 

34. MINVR 

Solves the matrix equation AX = B where A is a square coefficient 
matrix and B is a matrix of constant vectors. A-1 and |A| are also available. 
Solution is by the Gauss-Jordan elimination method. 

36.   NEWRAP 

Uses the Newton-Raphson method to solve for the mean skin-friction 
coefficient for a given Reynolds number and Mach number. 

36.   NEWT 

Computes the pressure and static aerodynamics on the blunt portion 
of the nose using modified Newtonian theory. It also calculates the match point to 
combine Newtonian theory with perturbation theory. 

10 



37. NORMFO 

Solves for the normal force coefficients on the various components of 
the body in transonic flow using mostly empirical methods. 

38. FORINT 

Integrates the upwash effect of one wing panel on another 

39. RBAND 

Estimates the increase in drag due to the presence of a rotating band. 

40-41.   REGONE, REGTWO 

These   subroutines   calculate   the supersonic  lift  and  center of pressure 
on   a   fin   with   a   subsonic   leading   edge  and  a  supersonic   trailing   edge  by   linear 
theory. 

t 

42-46. REG1. REG2, REG3, REG4, REGS 

These  subroutines  calculate  the supersonic lift and  center of pressure 
on a fin with supersonic leading and trailing edges by linear theory. 

47. RK 

Finds   the   solution   of   differential   equations   using   the   lourth-order 
Runge-Kutta technique. 

48. SIMP 

Simpon's rule is used to integrate surface pressures to find forces and 
moments on a body. 

49. SIMPW ^ 

Intergrates   wing   pressure   due  to  thickness  to   find   w i« •   .inp  on   .i 
wing by using Simpson's rule. 

11 



60. SING 

Applies Mangler's principle Value technique to obtain the solution to 
an improper intergral. 

61. SKINF 

Calculates the axial force coefficient due to skin friction on the body. 

52.   SKINFW 

This subroutine computes the skin friction drag of a wing. The 
Reynold's number is based on the mean geometric chord. 

63. SUBCNA 

Calculates the subsonic normal force coefficient and center of pressure 
for an isolated fin. It acts as a calling program for the subroutine that actually does 
the calculations. 

64. SUBTRN 

This subroutine calculates the transonic normal force coefficient and 
center of pressure for an isolated fin. The method used can be found in the USAF 
Stability and Control DATCOM.(4) The method used in the program is a slight 
modification of that found in the DATCOM, but should be more accurate because 
the highest subsonic value of normal force derivative and lowest supersonic value are 
calculated by using lifting surface theory and linear theory, respectively. 

66.   SUBXCP 

Calculates the subsonic center of pressure for an isolated fin. The 
subroutine uses values of sectional center of pressure as calculated in subroutine 
DIST. 

66.   SUPCNA 

Computes the  supersonic normal force coefficient for an isolated  fir 
It acts as an executive program and it sets up fin geometry, determines what region 
a given point on the fin is in, and numerically adds all the lift increments in order 
to determine the normal force. The supersonic center of pressure for an isolated fin 
is also calculated in this subroutine. 

12 
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57. TRANS 

Determines the wave drag of a boattail in transonic flow. It is also 
used to calculate the nose wave drag of tangent ogives in transonic flow. 

58. TRAPE 

Trapezoidal rule of integration used to determine the surface area and 
volume of the body alone. 

59. TRNCNA 

This subroutine is used, along with subroutine SUBTRN, to calculate 
the transonic normal force coefficient. It acts as an executive program a« it calls the 
various subprograms necessary to determine a table of transonic normal forces for an 
isolated fin as a function of Mach number. 

60. WAVE 

Integrates the body alone pressures in order to compute the static 
aerodynamics. 

61. WING 

Calculates the pressures and forces on a fin due to thickness at 
supersonic .speeds. The airfoil thickness is assumed to be symmetrical about the 
x-axis. The method used is conical flow theory as modified in Reference 1. 

62. WTINT 

Finds the decrement in normal force derivative of the tail of a 
configuration due to downwash from the canards. The method used is that of 
Nielsen and Kaattari<3) mentioned earlier. 

13 



III.   INPUT 

The   following   is   a   list   of   the   required   inputs  to   the  computer  program 
described in this report. 

CARD TYPE I FORMAT (13) 

Variable Name Column       Variable Description 

M (1-3) Number of cases to be run 

CARD TYPE II FORMAT (4F10.4,2F 15.12,215) 

Variable Name Column       Variable Description 

AL 
DIA 
HB 

AINF 
RHOINF 
AMUINF 
IPR1NT 

NTYPE 

(1-10) Angle of attack (Degrees) 
(11-20)        Reference diameter of body (Ft) 
(21-30)       Mean height of the rotating band above the body 

surface (Calibers) 
(31^0)       Speed of sound (Ft/Sec) 
(41-55)        Density (Slugs/Ft3) 
(56-70)       Absolute viscosity (lb-Sec/Ft2) 
(71-75)       Equal 1 if pressure coefficients are to be printed 

Equal 2 no pressure coefficients printed 
(76-80)       Equal I body alone aerodynamics calculated 

Equal 2 body-wing aerodynamics calculated 
Equal 3 body-wing-canard aerodynamics calculated 
Equal 4 wing or canard alone aerodynamics calculated 

CARD TYPE III FORMAT (6F5.3.I5) 

Variable Name Column 

XW (1-5) 

DELTAW (6-10) 
DW (11-15) 

xc (16-20) 

Variable Description 

Distance of wing leading edge from nose tip 
(Calibers) see Figure 4 
Wing deflection angle (Degrees) 
Diameter  of  body   at   wing  root   chord.   If the 
diameter varies, an average of the body diameters 
at  the  leading and  trailing edge should be used 
(Ft). 
Distance of canard leading edge from nose tip 
(Calibers) 

14 



Variable Name Column       Variable Description 

DELTAC 
DC 

XCG 

MN 

(21-25)       Canard deflection angle (Degrees) 
(26-30)       Diameter of body at canard  root chord. If the 

diameter varies, an average of the body diameters 
at  the  leading and  trailing edge should be used 
(Ft). 

(31-35)        Reference   point   for   moments   and   center   of 
pressure (measured in calibers from most forward 
point of nose). 

(36-40)        Number of Mach numbers to be computed 

CARD TYPE IV FORMAT (16F5.3) 

Variable Name 

AM(ARRAY) 

Column       Variable Description 

(1-80) Mach numbers (Limited to 16) 

CARD TYPE V FORMAT (15F5.3,I5) 

Variable Name 

GAW(I) 
GAW(2) 

GAW(3) 

CR2W 

RRW 
RTW 
TRW 
TTW 

Column       Variable Description 

(1-5) 
(6-10) 

(11-15) 

GAW(4) (16-20) 
CRW (21-25) 
CTW (26-30) 
BW (31-35) 
CR1W (36-40) 

(41-45) 

(46-50) 
(51-55) 
(56-60) 
(61-65) 

swept 

Tail leading edge sweep angle (Degrees) 
Angle at which first line of sinks is swept back 
from Y-axis of tail (Degrees), see Figure 4. 
Angle  at   which  second  line   of sinks  is 
back from Y-axis of tail (Degrees) 
Tail trailing edge sweep angle (Degrees) 
Tail root chord (Ft) 
Tail tip chord (Ft) 
Span of isolated tail panels (Ft) 
Distance     from     tail    leading    edge     to 
discontinuity  measured from root of tail parallel 
to freestream (Ft) 
Distance     from     tail    trailing    edge     to     first 
discontinuity   ui   ream   from   root  chord  parallel 
to freestream (H) 
Leading edge radius of tail at root chord (Ft) 
Leading edge radius of tail at tip chord (Ft) 
Tail thickness at root (Ft) 
Tail thickness at tip (Ft) 

first 

15 



Variable Name Column       Variable Description 

XOC 

RTEW 
IW 

(66-70) 

(71-75) 
(76-80) 

Distance of wing trailing edge from base (positive 
upstream   of  base  and   measured   in  root  chord 
lengths) 
Trailing edge radius of tail at root chord (Ft) 
Equal 1  double wedge or modified double wedge 
airfoil; Equal 2 biconvex airfoil 

CARD TYPE VI FORMAT (16F5.3,I6) 

Variable Name Column      Variable Description 

GAC(l) 
GAC(2) 

GAC(3) 

GAC(4) 
CRC 
CTC 
BC 
CR1C 

CR2C 

RRC 
RTC 
TRC 
TTC 
XOC1 

RTEC 
IC 

(1-5) Canard Leading Edge Sweep Angle (Degrees) 
(6-10) Angle at which first line of sinks is swept back 

from Y-axis of canard (Degrees), see Figure 1. 
(11-15)       Angle   at   which   second   line   of sinks   is  swept 

back from y-axis of canard (Degrees) 
(16-20)       Canard trailing edge sweep angle (Degrees) 
(21-25)       Canard root chord (Ft) 
(26-30)       Canard tip chord (Ft) 
(31-35)       Span of isolated canard panels (Ft) 
(36-40)        Distance    from    canard    leading   edge    to    first 

discontinuity    measured    from    root    of    "anard 
parallel to freestream (Ft) 

(41-45)       Distance    from    canard    trailing   edge    to   first 
discontinuity   upstream   from   root  chord   parallel 
to freestream (Ft) 

(46-50)        Leading edge radius of canard at root chord (Ft) 
(51-55)       Leading edge radius of canard at tip chord (Ft) 
(56-60)       Canard thickness at root (Ft) 
(61-65)       Canard thickness at tip (Ft) 
(66-70)        Distance   of  canard   trailing  edge   from   base  of 

projectile     (positive     upstream     of    base    and 
measured in root chord lengths) 

(71-75)       Trailing edge radius of canard at root ch* d (Ft) 
(76-80)        Lqual 1 double wedge or modified 

double wedge airfoil 
Equal 2 biconvex airfoil 

16 



CARD TYPE VII FORMAT (8I5,4F10.5) 

Variable Name 

N 

NSHAPE 

Column        Variable Description 

(1-5) Total number of points 
to be read in to describe 
the body alone geometry (limit of 30) 

(6-10) Parameter used to describe 
the body geometry as defined below 

Pointed bodies 

NSHAPE=1 Nose only 
NSHAPE-^ Nose plus afterbody 
NSHAPES3 Nose   w ih  a  discontinuity (there may or may not 

be an afterbody present) 
NSHAPE=4 Nose plus afterbody plus boattail 
NSHAPE=5 Nose with discontinuity plus afterbody plus boattail 

Nl 

N2 

If NSHAPF=3 or 5 at least five points must 
be read in along each of the nose sections, even if the nose section 
is a straight line. 

Blunted Bodies 

NSHAPE must be 3 or 5 
NSHAPE=3 NNIA=2  Blunted  nose with a discontinuity so there are 
two nose sections present (no boattail present) 
NSHAPE=3    NNIA=I     Blunted    nose    with    no   discontinuity   (no 
boattail present) 
NSHAPE=5 NNIA=2  Blunted  nose with a discontinuity so there are 
two nose sections present (boattail present) 
NSHAPE=5   NNIA=I    Blunted   nose   with  no discontinuity  (boattail 
present) 
If NN1A=I. then Nl = l  and N:^5 
If NNIA=:. then Nl>5 and N:^ 

(11-15)        Number of points  used to describe the first nose 
section 

(16-20)        Number   o*"   points   used   to  describe   the  second 
nose   section   plus the number of points used  to 
describe the first nose section. 
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Variable Name 

N3 

NBLUNT 

NFL 

NNIA 

C2 

C4 

F 

RR 

Column 

(21-25) 

(26-30) 

(31-35) 

(36-40) 

(41-50) 

(51-60) 

(61-70) 

(71-80) 

Variable Description 

Equal 
Equal 
present 

conical boattail 
ogival    boattail    (if 

at   least   fi>e   points 
ogival   boattail   is 
must  be   used   to 

describe the boattail section) 
Equal 
Equal 
Equal 

1 pointed body 
2 blunted body 
I, spherical cap on nose 

equal 2, truncated nose 
Equal I, no discontinuities present in nose 
Equal 2,   discontinuity   present   in   nose   so  nose 
appears to be made of two distinct sections 
Parameter   used   to   describe   mesh  spacing.   For 
blunted  or  spherically  capped  nose, C2=.05   and 
for pointed nose C2=.9 are nominal values 
Another parameter used to describe mesh spacing. 
For  blunted   or   spherically   capped   nose,  C4=I; 
for pointed nose, C4=20 are nominal values 
Constant   which   determines   limiting  body   slope 
for a given mach number (.95 recommended) 
Radius    of    spherical    cap    or    truncated    nose 
(Calibers) 

CARD TYPE VIM FORMAT (2F15.10) 

Variable Name 

X(I) 

R(I) 

Column       Variable Description 

(1-15) Longitudinal body coordinate measured from nose 
(calibcrs). If nose is blunt, X(1H) is at the end 
of the spherical cap or at the truncated position. 

(16-30) Body radius at given longitudinal station 
(calibers) 

There  are   as   many  Card   Type VIII   as  arc  needed  to  describe  the  body  up  to 
30 points. 

It should also be pointed out that if: 
NTYPE«! (Body alone) Card Types V and VI are omitted, 
NTYPE«2 (Wing-body) Card Type VI is left blank or contains all zeros, 
NTYPE^ (Wing-body-canard) all Card Types contain data. 
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NTYPE-4 (Wing only) Type VI is left blank and Card Types VII and VIII 
are omitted. 

If several cases are to be computed. Card Type I is input one time only, but 
Card Types II - VIII are given for each case as needed. 

Figure 3 shows a few typical examples of body geometry and associated 
parameters. 

At present, the maximum Mach number that can be input is three. This is due 
to limitations on tables present in the program. The upper limit on Mach number 
may be less than this if the local body slope becomes equal to 0.95 of the Mach 
angle based on the freestream Mach number. Mach numbers should be read in from 
highrsl to lowest. If a Mach number is .iesired between 1.05 and .95, then 
Mach 1.05 must be included. This is because values of wave drag on boatt; ils is 
assumed to vary linearly from 0 at M = .95 to an analytically calculated value at 
M = 1.05. Wave drag on fins is also assumed to vary linearly from 0 at M = 0.9 
to an analytically calculated value at M = 1.05. 

The shortest nose length that can be considered in the transonic flow regime is 
1.5 calibers.  The  longest  afterbody length   that  can be considered in the transonic 
flow regime is  10 calibers. These limitations are due to limits in the tables that are 
internal to the program. 

Several sample input data sheets are shown in Figures 5 thru 8. An 
accompanying sketch with the geometric parameters describing each configuration is 
also given. Figure 5 is a body alone. Figure 6 a wing-body. Figure 7 a 
canard-body-tail, and Figure 8 a wing alone. 
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FieUlU 5 - SAMPLE INPUT DATA FOM A TYPICAL iODY ALONE CONFIGIMATION 
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*•'*'>•>. ffVitl       i«M>'l 
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r-TE-os" 

AR»4.66,(t/c)r-.l ,  (t/c)t «.I , X«.5 

FIStMl • - SAMM.I INPUT DATA fOm A TTMCAL WNM 

( MCOMVIX AIIFOli DUMN) 

ALOM CONTKHMATION 
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IV. OUTTUT 

Before the aerodynamic forces and moments are given, the computer printout 
will list the freestream conditions and the wing-body geometries that were input. 
The force and moment output is then given in component form. Referring to the 
example computer output in Figure 9 (output corresponds to geometry input of 
Figure 7), the first table is the body alone drag which is broken down into 
skin-friction, base, wave, and protrusions (rotating band). The second and third 
tables are the tail and canard drags (if the canard is present), also broken down 
into the same drag components as above. The fourth table lists the normal force 
contributions from all geometry components: body alone, wing alone, wing-body, 
body-wing, canard alone, canard-body, body-canard, and canard-tail. The last table 
lists the total static aerodynamics of the entire configuration. These include drag, 
lift, pitching moment, and center of pressure. Also included are the secant slopes of 
normal force and pitching moment which for small angles of attack are the normal 
force and pitching moment coefficient derivatives. 
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PIMM! « - IAMMI OUTPUT MB CANAID-BODT-TAI1 COHTMURATtON Of PNHHII 7 

C*«;F in.     i 

»M&LF   OF   «TT»CK   * .10OFC PFFFBFNCF   nr«>TTFP   «       .?50FT 

*fc orrroFNtl      CONDITION^ 

^PfFO  OF   snUNO >   1116. "40   FT/SFC 
OFWITY »      .00Z1T69      51.UCS/FTJ 
»«FOtUTE   VlSCnSITy  <     .00000(1371.5?«    LP-SFC/FT? 

MINr,  GFO««FT»Y(OflUBLF   HFOGF   n<  »«OniFrrn  OOU<»lF   KFOGF   «IPFnll   OFSir.M» 

<;P««|I   .150FT. 
BOOT    CMOeo»    .04*FT. 
TIP   CHI»!)»   .0«»!FT. 
LFÄIINF, EDGF   ^MFFPiPO.OOOF';. 
FIPST   IINF   OF   SINt(«;sl?.00OFCS. 
«FCONO  IINF   OF   StN<S«?6.00OF(;^. 
TP«ILINr,  F06F   5l*FEP«?0.00OEC«i. 
FIPST   CMD»0   SF^HENT«   .033FT. 
PE«P   C«non  SFCFNT»   .033FT, 
BOOT    mCKNF«;S«.01?«FT. 
TIP   THIC<NFS<;.   .01?5FT. 
LFtniNr Fnr.F   PtTIU"!   «T  »OOT.   .00?1FT. 
LFtOING FOSf   P^HIUS   «T  Tlo=   .0021FT 
TPilLIW.   Fir.E   •LUNTNF«;,i»   .00l.?FT 
OFFtFCTION  »KGIE  0.OOnEG5. 

C«N«PO   r,F0NFT9Y(00U«LE   MFOGE   OP   HOOIFIEP   OOUPLE   MEflGF   «IPFOTI.   OE^TGHJ 

«;P»N=    .IfbTFT. 
POPT    C»O»0»    .175FT. 
TIP   CMOPO«   .OTflFT. 
lE*3INr,  FOGE   «IWEFP'IO.OOnF'-,. 
FIPST   LINE   OF   <:iNlfS«ll..00OFG';. 
SECOND  LINE   OF   SlNK^r 16. OOnFr,«;. 
TO«ILING  EDGE   «IMEFP«   0.00OFr,<;. 
FIPST   CMOPO   «SEr.lENY.   .0"<?FT. 
PE«R   CM1PD SEGHENT=   .0<«?FT, 
POPT    THlClf«IES«;s.01?5FT. 
TIP    THICKNESS»   .0175FT. 
LEtJINF.  EOGF   PJOIUS    «T   POOT.   .00?!FT. 
LFtOING FOGE   P«OIUS   «T   TIP=   .0071FT 
TP«ILIW.   EOGE   "LUNTNESS»   .00k?FT 
OEFLFCTION  »NGLE  0.00DEGS. 

qOOv cmPOIN«TFS 

X » 

u.oooo .0931. 
.ttdtk .171» 
,*«7 .?<>16 
.7(.«1 .30?B 
.99/3 .3551. 

l.?l>67 .3999 
1.331T .1.13« 
1 .".167 .<>?66 
1.5016 .I.3a7 
1.5F6r .<><.9a 
1.6716 .1.603 
1.7567 .1.698 
1 .«1.16 .V786 
1.9267 .i.«65 
?.0116 .1.937 
^.attr .5000 
<..6 700 .5000 
5 .3<.J0 .391,9 
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SKIN   raiCTION 

»no» i»tu ro»cr coir»l»utio>i<; 

o.r>t»u<inN5 

t.ite 

7.toe 
I. »eo 
i.?oo 
1.050 
1.000 
.«0 
.100 
.»00 
.500 

.•III 

.III.» 

.117« 

.»«.n 

.tMi 

.lot? 

.a«. (.6 

.o«.M 

.o»r« 

.0«45 

.041? 

.11*1 

.UM 

.1«! 

.INI 
,irio 
■ IM« 
. 1!?? 
.110? 
.1014 

.H.T1. 

.tk4I 
• HJl 
.160« 
.in» 
.I1H 
,1911 
,•?<•» 
,0100 
,1011 

0.0000 
0.0000 
0.0000 
0.0010 
0.0100 
«.0000 
0.0100 
o.ooto 
0.0000 
0.0000 
o.nro 

.?T»l 

.1041 

.i?r» 

.HIT 

.koro 

.114? 

.?544 

.?0«.l 

.1440 

.1«1<. 

<;KIN  "I'Tnn 

«INr   Kill   foorr   C0llT»I»UTI0«15 

»I5F   Mmu»t ••f^'UW 

'.«CC 
?.".0C 
?.occ 
i.».or 
I. ?0P 
1.140 
1.000 
.45 0 
.400 
.TOO 
.iCC 

.00(.5 

.006« 

.0071 

.ICT? 

.0064 

.006» 

.00" 

.0161 

.0061 

.0041 

.0063 

.00«! 

.0104 

.our 

.on« 

.076 <• 

.0774 

.0 776 

.0 71.« 

.0707 

.0174 

.0174 

.0441 

.1144 

.1161 

.i no 
,7161 
.7477 
.7731 
.1614 
.07kl. 

0.0000 
0.0100 

.1177 
.177« 
.1 161 
.163« 
.7701 
.31/1 
.7471 
.1'44 
.1017 
.071? 
.0731 

4KIM   r»KTION 

7.100 
7.k00 
7.000 
1.600 
1.700 
l.lfl 
1.000 
.4«0 
.400 
.700 
.400 

.0013 

.0034 

.0016 

.0037 

.0016 

.0034 

.0016 

.0711 

.001? 

.0077 

.0011 

.0t14 

.CC40 

. 0r64 

.004« 

.7176 

.0111 

.0111 

.011« 

.0044 

.or«4 

.0046 

.011« 

.0611 

.0646 

.0'1' 

.077? 

.1000 

.07'0 

.0409 

.0740 
0.0000 
0.0000 

.0660 

.064« 

.04'« 

.0667 

.0«71 

.116« 

.041« 

.06«! 

.0301 

.0117 

.0116 

MACH   NO, <">31    «LONf 

.0097 

.0096 

.006« 

.0061 

.0031 

.0011 

.0111 

.0111 

.ooir 

.00?7 

.00?» 

»Ixr.  »lONF     ciNlvn »inNr       »IW'-IOP» 4nn»-iii«r,      ciN«»n-i>nn»    '"ny-r.nn'n    CM*W>IIIMC 

.0017 

.0071 

.0076 
,0019 
.0096 
, 0066 
.9034 
.9077 
.0071 
.0066 
.006? 

.000« 

.0010 

.0017 

.0014 

.0070 

.0011 

.301- 

.0011 

.0016 

.0016 

.0013 

.0071 

.0079 

.0031 

.0067 

.0064 

.0091 

.0064 

.0037 

.0076 

.0096 

.0091 

.0000 

.0001 

.0101 

.000? 

.000« 

.0114 

.001« 

.0010 

.000« 

.0017 

.1016 

.0011 

.001« 

.091« 

.90?» 

.0111 

.90'« 

.09" 

.00'! 

.0171 

.00'7 

.9«'l 

.0007 

. ror? 

. cooi 

. 0006 

.oor« 

.0011 

.0016 

.0011 

.0011 

.0116 

.0011 

-.0007 
-.«fOJ 
-.0005 
-.0097 
-.0017 
-.0004 
-.00«! 
-.000« 
-.0006 
-.inr 
-.ocoo 

.0041 

.0046 

.0047 

.0106 

.0177 

.0173 

.0171 

.0101 

.0046 

.0177 

.0114 

MICH   NO, rn 

.'.ICO .6114 
f.MS .6667 
7.000 .9116 
1.600 .917' 
1.200 .7971 
!.o«r .I960 
1.100 .6111 
.490 .9090 
.400 .3636 
.TOO .1439 
.900 .1167 

loin •sriiic «f»nnTHiMi<-4ifOBCF/IL»"«) 

CL TM CNIL C"ll «c»/o 

-.•?6 -13.669                       7 .»•76 
-.0 76 -16.073                       7 .»176 
-.•?* -16,616                       7 .»471 
-.IM -11.«17                       7 .7»?? 
-.061 -??.«36                       1 . iJ?r 
-.0 31 -?1.9t6                       1 .0»»0 
-.IM -70.731                       7 .4119 
-.17* -16.710                            7 .«sir 
-.077 -17.676                         7 .333? 
-.161 -73.374                         1 .?M1 
-.tit -?1.«93                       1 .707» 
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V.    COMPARISON WITH EXPERIMENT 

Three cases are considered to show, first of all, the general accuracy of the 
method when compared with experiment and, second, how the program can be used 
to obtain engineering estimates of aerodynamics for configurations which do not 
exactly fit into one of the four categories listed previously. The three configurations 
are a body alone, a wing-body in which the wing is mounted on a strake, and a 
canard-body-tail in which the tail does not have streamwise tips. 

The first of these configurations is the 5"/54 Rocket Assisted Projectile (body 
alone) for which the configuration geomefty and input data are given in Figure 5 
and the aerodynamics in Figure 10. This particular spin stabilised projectile has a 
nose length of about 2.5 calibers and a boattail length of 0.5 caliber. The 
theoretical drag coefficient is in very good agreement with experiment throughout 
the Mach number range. Fair agreement is obtained for normal force coefficient 
derivative and center of pressure. The normal force coefficient derivative is generally 
low in the lower supersonic speed range and approaches the experimental data at 
moderate supersonic Mach numbers. 

A wing-body configuration is shown in Figure 6 and the corresponding 
aerodynamics in 11A and 11B Note that in Figure 6. the tails are mounted on 
strakes which raises the question, "What does one use for the base diameter and 
wing planform?" The base diameter mainly determines the afterbody drag and the 
wing planform the wing lift Since both of these quantities are a direct function of 
the base area and wing area respectively, it seems reasonable to compute these areas 
and then define the base diameter and wing planform from them. Thus the base 
area is computed incl"'4'.ig the strakes and then an equivalent base diameter defined. 
Next, the total wing utca including the strake planform area, is computed and an 
equivalent wing obtained by adding this additional area to the chord and span. 
Although this does not change the configuration lift appreciably when based on 
wing area, it does change the lift considerably here because the wing lift is based 
on the body cross-sectional area. Using the above geometry modifications, the 
aerodynamics were computed and compared with experimental data in Figures 11A 
and 11B. The drag and center of pressure are shown in 11A and the normal force 
coefficient derivative in 11B. Excellent agreement with experiment is obtained for 
normal force and center of pressure. The theoretical drag is about ten percent high 
at transonic Mach numbers but according to Reference 5, the blockage of the test 
model in the wind tunnel was too high. Normally when the wind tunnel model is 
too large (too much blockage), drag values measured in the transonic Mach range 
fall off and it appears that this may have happened in this case to account for 
some of the above discrepency. 
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The third geometry considered is a very general canard-body-tail shown 
schematically in Figure I2A along with the normal force and center of pressure. 
Note that the tail does not have streamwise tips so the total wing area is again 
computed and an equivalent span calculated based on the chord and wing area. This 
gives reasonable values for normal force and center of pressure (Figure 12A). 
although it appears the tail alone lift is about ten percent too high causing a 
rearward shift in the center of pressure. The drag of the body alone, along with the 
canard and tail components, is shown in Figure 12B. The body alone drag agrees 
well with experiment in subsonic and supersonic flow but is unacceptable in 
transonic flow. This is because of the sixty percent blunt nose which the empirical 
transonic drag methodology does not account for. The wing drag is also high in 
transonic flow, but this is caused by the increase in body base pressure due to the 
presence of tail surfaces. This increase in drag is included in the curves at the 
bottom of Figure I2B. The empirical estimates of the body base pressure change 
due to fins is much higher for this case than the data suggest. However, the total 
configuration drag agrees with experiment within the accuracy bounds previously set 
forth, except in  transonic flow. 
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APPENDIX A 
Glossary 
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Glossary 

41 Aspect ratio of canard 

/R, Aspect ratio of tail 

CD zero lift drag coefficient 

CL Lift coefficient 

CM Pitching moment coefficient 

CM Pitching moment coefficient derivative 

CN Normal force coefficient 

Cv, Normal force coefficient derivative 
" a 

M^ Freestream Mach number 

rLl Leading edge radius of tail or canard (ft) 

rTF Trailing edge radius of wing (ft) 

(t/c)r Thickness to chord ratio of wing at root 

(t/c), Thickness to chord ratio of wing at tip 

x,y Coordinates with x along body and y out right wing 

x Center  of  pressure   measured  in   calibers from  nose tip  unless otherwise 
specified 

a Angle of attack 

6 Canard deflection angle c 

X Wing taper ratio 

A-1 
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